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Abstract
The electromagnetic properties of 2D materials are
modeled either as single sheets with a surface sus-
ceptibility or conductivity, or as thin films of finite
thickness with an effective permittivity. Their in-
trinsic anisotropy, however, has to be fully described
to reliably predict the optical response of systems
based on 2D materials or to unambiguously inter-
pret experimental data. In the present work, we com-
pare the two approaches within the transfer matrix
formalism and provide analytical relations between
them. We strongly emphasize the consequences of the
anisotropy. In particular, we demonstrate the crucial
role of the choice of the thin film’s effective thick-
ness compared with the parameters of the single sheet
approach and therefore the computed properties of
the 2D material under study. Indeed, if the isotropic
thin film model with very low thickness is similar to
an anisotropic single sheet with no out-of-plane re-
sponse, with larger thickness it matches with a single
sheet with isotropic susceptibility, in the reasonable
small phase condition. We illustrate our conclusions
∗Corresponding author: Pascal.Kockaert@ulb.ac.be
on extensively studied experimental quantities such
as transmittance, ellipsometry and optical contrast,
and we discuss similarities and discrepancies reported
in the literature when using single sheet or thin film
models.
1 Introduction
The electromagnetic (EM) properties of 2D materi-
als are at the forefront of the present research ac-
tivities. Further developments for applications as di-
verse as optical modulators, transparent conductive
films, photovoltaic systems, superabsorbers or sen-
sors request an accurate description of the electro-
magnetic response [1, 2, 3, 4]. For example, optical
contrast or transmission are among the commonly
used quantities to characterize 2D systems, in par-
ticular, to determine their thickness or their number
of layers [5, 6, 7, 8, 9]. Furthermore, electromag-
netic properties are the macroscopic fingerprints of
elementary excitations such as the inter-band transi-
tion, excitons or plasmons. Their correct analysis is
therefore crucial for the understanding of the under-
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lying physics of 2D materials.
Several models have been recently used in this con-
text. The EM response to an external field has been
firstly considered as a purely 2D phenomenon with
the definition of a single sheet (surface) conductiv-
ity σs, or susceptibility χs [10, 11]. In particular,
for graphene, an analytical expression for σs based
on tight-binding approximation and Kubo formula
has become popular [12] and provides a clear dis-
tinction between inter-band and intra-band electronic
transitions. The surface conductivity can be deter-
mined experimentally, e.g. via Brewster angle mea-
surements [13].
Using another approach, 2D materials have been
considered as isotropic materials with a small but fi-
nite thickness [7, 8, 9, 14, 15]. This approach notably
allows to use the well-developed transfer matrix tech-
nique to predict and interpret optical data (including
ellipsometry) with widely available methodology and
numerical codes. The thickness is often arbitrarily
taken as the interlayer distance of the 3D counterpart
of the 2D material [11, 16], considered as a fitting pa-
rameter [7] or evaluated based on the variation of the
electronic density in the transverse direction [17].
However, these two approaches (a purely 2D sur-
face conductivity and a 3D isotropic thin film) do
not match as demonstrated analytically and numer-
ically [18, 19] and give model-dependent interpreta-
tion of ellipsometric data [20]. This is particularly
true for oblique incidence and TM (p-polarised) EM
radiation [21]. Indeed, considering only a purely in-
plane 2D conductivity means that the out-of-plane re-
sponse of the layer is neglected, while for an isotropic
thin film, both the in-plane and out-of-plane re-
sponses are linked. Very recently, a criterion has been
proposed to determine in which conditions the two
models give similar results at normal incidence [22].
Anisotropic thin films have also been studied. The
out-of-plane component has been taken as a free pa-
rameter [20, 23, 24], or deduced from first princi-
ple approach calculations performed with periodic
boundary conditions [19, 25]. The out-of-plane sus-
ceptibility in a single sheet model has been recently
considered by two of us to analyze the non-linear op-
tical response of graphene [26]. An adequate descrip-
tion of the out-of-plane component is of prime neces-
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Figure 1: Schematic representation of the two config-
urations. Left: current sheet model. Right: thin film
with an effective material f extending over a distance
da (resp. db) on the a (resp. b) side. The wave vec-
tors of the forward F and backward B fields in media
a and b are denoted by ~ka,bF,B. The reference frame is
Oxyz.
sity since very diverse 2D materials with potentially
large out-of-plane polarisabilities are synthesized [27]
or predicted [28].
In this work, we study analytically and numerically
the conditions on the EM response function (surface
susceptibility, dielectric tensor) and on the thickness
of the effective thin film for a correct description of
the response of 2D materials. In particular, we an-
alytically link the surface susceptibility of the single
sheet to the ordinary and extraordinary optical con-
stants of the equivalent thin film. We then focus our
attention on the determination of the surface conduc-
tivity of the 2D materials based on the interpretation
of optical transmission, ellipsometry and optical con-
trast measurements.
2 Modelisation of 2D materials
In this section, we perform the comparison between
the single sheet and the thin film approaches within
the framework of transfer matrix formalism for strati-
fied media [29, Sec. 4.6]. As a first step, we build the
transfer matrix of a single sheet at the interface of
two surrounding media (respectively a and b), as de-
picted on Fig. 1 (left). In a second step, we calculate
the transfer matrix of a thin film with finite thick-
ness df Fig. 1 (right). We then analytically compare
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the two approaches and highlight the consequences
on quantities that can be easily determined experi-
mentally (transmittance, ellipsometric data, optical
contrast). Importantly, we insist here on the conse-
quences of the intrinsic anisotropy of 2D materials.
The single sheet is described by a surface sus-
ceptibility tensor χs diagonal in our reference frame
(Fig. 1). The in-plane components of the 2D material
are directly related to its surface conductivity by
σsα = −iε0ωχ
s
α, (1)
where α = x, y. The out-of-plane component of the
susceptibility χsz is also considered here, but an out-
of-plane conductivity has no physical meaning for a
single sheet.
The thin film material is described by a dielectric
tensor εf related to the bulk conductivity compo-
nents by
εfαβ =
(
ε0 +
iσα
ω
)
δαβ. (2)
The in-plane and bulk conductivities are related by
σsα = df σα [19]. The incident and substrate mate-
rials (a and b) can be anisotropic but with their op-
tical axes aligned with those of the 2D material, i.e.
εa,bαβ = ε0ε
a,b
α δαβ , which is the case in most (if not all)
the systems studied experimentally so far. This hy-
pothesis avoids the coupling between transverse elec-
tric (TE) and transverse magnetic (TM) modes. We
allow those surrounding materials to have a complex
permittivity, and express the dependence in the an-
gle of incidence via the wavevector ~k = (kx, ky, kz). If
the incident medium is a perfect dielectric character-
ized by the real isotropic permittivity ε0εa = ε0n2a,
and ky = 0, we have kx = k0 na sinαi, with k0 the
wavenumber of the light in vacuum, na the refractive
index of medium a, and αi the angle of incidence.
2.1 2D material as a single sheet
In order to describe the out-of plane component in
the single sheet model, we use the approach described
in [26], based on [30, 31]. In particular, the transmis-
sion coefficient t and the reflexion coefficient r of the
electric field in TE and TM configurations can be
Table 1: Definition of the coefficients in TE and TM
configurations, to the first order in ϕx, ϕy, ϕz. In
these expressions, m and n will be replaced by a, b
and f to denote respectively the incidence medium,
the substrate and the thin film. The forward (resp.
backward) component Fm (resp. Bm) is defined in
each medium m with respect to the forward (resp.
backward) component of the electric field parallel to
the interface [Emx,y]F (resp. [E
m
x,y]B ), with y for TE,
and x for TM.
TE (s-polarization) TM (p-polarization)
k0 ω/c
kx in-plane component of input ~k
kmz
√
εmy k
2
0 − k
2
x
√
εmx (k
2
0 − k
2
x/ε
m
z )
Fm [E
m
y ]F ε
m
x /k
m
z [E
m
x ]F
Bm [E
m
y ]B −ε
m
x /k
m
z [E
m
x ]B
t Fb/Fa
r Ba/Fa
αmn k
n
z /k
m
z (ε
m
x k
n
z )/(ε
n
xk
m
z )
tmn 2/ (1 + αmn)
rmn tmn − 1
ϕx 0
ka
z
kb
z
εb
x
ka
z
+εa
x
kb
z
χsx
ϕy
k2
0
ka
z
+kb
z
χsy 0
ϕz 0
k2
x
εb
x
ka
z
+εa
x
kb
z
εa
x
εb
x
ǫab
χsz
ǫab
2
(1/εa
z
+1/εb
z
)
ϕ± ϕx ± (ϕy + ϕz)
χsjj iσ
s
jj/(ε0ω)
written as
t = tab [1 + i(ϕx + ϕy + ϕz)] , (3)
r = t− 1− 2iϕx, (4)
with the parameters defined in table 1. We note that
tab, which is the transmission coefficient in absence
of 2D material, depends on the propagation direction
and is therefore not symmetrical, i.e. tba = 2 − tab,
while ϕx, ϕy, ϕz do not depend on the propagation
direction.
In these notations the transfer matrix between the
incident medium a and the outgoing medium (sub-
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strate) b can be written as
Sab =
1
tab
·
(
1− iϕ+ rab + iϕ−
rab − iϕ− 1 + iϕ+
)
, (5)
so that the forward (F ) and backward (B) field com-
ponents in media a and b at the single sheet interface
are linked by (
Fa
Ba
)
= Sab
(
Fb
Bb
)
. (6)
The expressions for TE and TM modes have a similar
form if the forward and backward components are
defined as in table 1. The matrix Sab includes the
out-of plane response of the current sheet χsz through
ϕz , and can therefore be compared to the thin film
model.
2.2 2D material as a thin film
We present in this section the propagation in the ef-
fective thin film system of thickness df described by
the diagonal tensor εf of components εfx, ε
f
y , and ε
f
z .
The total transfer matrix of the thin film (Tab) in-
volves the transfer matrix at the two interfaces (Iaf
and Ifb) and the propagation matrix Pf in the ho-
mogeneous film f over a distance df . Then
Tab = IafPfIfb (7)
with
Pm =
(
e−iΦm 0
0 eiΦm
)
, (8)
Imn =
1
tmn
(
1 rmn
rmn 1
)
, (9)
where Φm = kmz dm, dm is the thickness of layer m,
and kmz , rmn and tmn are defined in table 1. The
anisotropy of the media is described through the di-
agonal components of the dielectric tensors.
2.3 Analytical comparison
The two models are considered equivalent if their
transfer matrices are identical. However, we cannot
directly compare Sab and Tab since the propagation
in the slab of thickness df = da+db is not considered
in Sab. The correct equality is then
Tab = PaSabPb. (10)
In the limit of small phase shift, we can develop
(10) to the first order in k0df for the bulk parameters
(Φa,Φb,Φf ≪ 1), and to the first order in k0χs for the
single sheet parameters (ϕx, ϕy, ϕz ≪ 1). A lengthy
but straightforward calculation provides the effective
dielectric function of the thin film as
εfx = χ
s
x/df + ηaε
a
x + ηbε
b
x, (11)
εfy = χ
s
y/df + ηaε
a
y + ηbε
b
y, (12)
1
εfz
=
ηa
εaz
+
ηb
εbz
−
χsz
ǫab df
, (13)
where ηa = da/df , and ηb = db/df and then ηa+ηb =
1 (Fig. 1). As expected, the effective dielectric tensor
components do not depend on the angle of incidence
angle. Nevertheless, those quantities depend on the
2D material through χs, and on the geometry of the
thin film defined by da and db. More surprisingly, the
components of the dielectric tensor of the surround-
ing materials εa and εb also appear. In the frequent
case where the incident medium is air, and the thin
film of thickness df is lying on top of the substrate b,
we have da = df , db = 0 and εai = 1, so that
εfx = χ
s
x/df + 1, (14)
εfy = χ
s
y/df + 1, (15)
1
εfz
= 1 +
1 + εbz
2εbzdf
χsz. (16)
Equations (14) and (15) are commonly used for 2D
materials and perfectly valid under the assumptions
reported above. The relation for the out-of-plane
components, (13) and (16), are far from being in-
tuitive but are important to understand the link be-
tween the isotropic thin film and the anisotropic sin-
gle sheet models. Indeed, they explain some discrep-
ancies between the two approaches reported in the
literature, as we will discuss later. In the absence of
out-of-plane susceptibility (χsz = 0), (16) gives ε
f
z = 1
and the effective thin film is anisotropic.
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3 Discussion
In the following section we compare the results of the
two approaches on quantities that are easily obtained
experimentally: transmittance, ellipsometry and op-
tical contrast.
3.1 Transmittance
In TM configuration, from (3) and table 1, the change
in transmittance induced by the 2D material in the
small phase shift hypothesis (first order in k0df ∼
k0χ
s) and for real εa and εb is∣∣∣∣ ttab
∣∣∣∣
2
− 1
= −tab
kbz
εbz
Imχsx
[
1 +
k2x
kazk
b
z
εaxε
b
z
ǫab
(
Imχsz
Imχsx
)]
(17)
= −tab
kbz
εbz
Imεfxdf
[
1 +
k2x
kazk
b
z
(εax)
2εbz
|εfz |2
(
Imεfz
Imεfx
)]
.
(18)
The change in transmittance (17) is then only related
to Imχs and, via (1), to Reσs. Simple transmittance
measurements can therefore not provide information
on Reχs or Imσs. In contrast, both the real and
the imaginary parts of εfz are present in (18) through
|εfz |
2.
To understand the impact of using the thin film
model instead of the single sheet approach, and to
test the validity range of (11)–(13) with respect to
k0χ
s, we have performed extensive numerical simula-
tions. All the numerical results presented here are for
a TM wave incident on an air/2D/glass (nb = 1.5)
system with an angle θ = 75°, and a thickness
df = 0.34 nm, except otherwise specified.
Fig. 2 displays the difference of transmittance (∆T )
for two incident wavelengths (in the IR, λ = 1550 nm,
and in the visible, λ = 700 nm) obtained with the sin-
gle sheet model with no out-of-plane susceptibility
(χsz = 0) and with the anisotropic thin film with ε
f
from (11)-(13). The transmittance computed in the
anisotropic thin film model and in the single sheet
model are obviously in very good agreement. There-
fore, in the following, we will consider that the single
sheet model and the anisotropic thin film model give
equivalent results. This rationalizes also the fact that
the small phase shift condition is satisfied for a large
range of 2D susceptibilities.
When the small phase shift condition is relaxed
(|Re [k0χs]| ' 1), a small discrepancy can be ob-
served, corresponding to the yellow bands on the sides
of Fig. 2(a) and (b). A comparison between these two
figures shows that larger discrepancies are observed
at λ = 700 nm, than at λ = 1550 nm. For a better
interpretation of the data, we identify on the figure
possible values for graphene conductivity based on
the Kubo formula [12]. In this case, we observe a
particularly small ∆T with maximum of 5 · 10−3%.
Interestingly, an isotropic thin film model shows
more important discrepancies when compared with
an anisotropic thin film, as illustrated on Fig. 3 even
if, for a large range of values, both isotropic and
anisotropic thin film models provide very similar re-
sults. Note that the scale of ∆T is different on Fig.
2 and Fig. 3. For Fig. 3, εx and εy are equal and
obtained from (11),(12) and εx = εy = εz.
Notably, a high value of ∆T is observed on a ver-
tical line corresponding to Re [χs] = df , for which
the real part of the permittivity ε = 1 − χs/df van-
ishes. This shows, similarly to what was reported
in [21], that an artificial plasmonic resonance is pre-
dicted by an isotropic thin film model, due to the ar-
tificial metallic nature of the out-of-plane component
of the permittivity tensor. This unphysical resonance
could have dramatic effects on the prediction of the
optical properties.
To investigate further the influence of the
anisotropy, we present in Fig. 4 the difference be-
tween the transmittance obtained with the isotropic
and anisotropic thin film models in TM configuration
for graphene, as a function of the incident wavelength
and of the thin film thickness. The two models give
very similar results for a ratio λ/df > 1000 (dashed
line) (i.e. very small k0df ). This validates the fact
that the anisotropy of graphene has been often dis-
regarded without consequences on the validity of the
conclusions.
This surprisingly good predictions within the
isotropic thin film model for intrinsically anisotropic
2D material is explained as follows. The isotropic
5
a) b)
Figure 2: Relative difference ∆T between the transmittance computed in the single sheet and in the
anisotropic thin film models, with respect to the real and imaginary part of the single sheet susceptibil-
ity (k0χsx). The system considered is air/graphene/glass. The refractive index of glass is taken as 1.5. (a)
Infrared EM radiation (λ = 1550 nm); (b) Visible light (λ = 700 nm). Circled areas indicate the range of
values k0χsx for graphene within the Kubo formula for a range of Fermi level from 0.05 eV to 1 eV and a
range of relaxation time from 10 fs to 200 fs.
a) b)
Figure 3: Same as Fig. 2 for the isotropic thin film model.
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Figure 4: Difference of transmittance ∆T between
the isotropic and anisotropic thin film of graphene for
a system air/graphene/glass. The refractive index of
glass is taken as 1.5. Graphene is modeled using the
Kubo formula with EF = 0.4 eV, τ = 100 fs. The red
dotted line represent a thickness equal to 1/1000 of
the wavelength.
thin film model does not correspond to the assump-
tion χsz = χ
s
x, but to ε
f
z = ε
f
x. By means of (13), this
is equivalent to set
Imχsz =
εaxǫab
|εfz |2
df Imε
f
z =
εaxǫab
|1 + χsx/df |
2
Imχsx, (19)
which shows that the isotropic thin film model tends
to the anisotropic single sheet one with χsz = 0 when
|χsx|
2 ≫ d2f , as in this case (19) provides χ
s
z ≈ 0.
This justifies that the isotropic thin film model can
be used with good results to model graphene with
Im[χsz] = 0, and df = 0.34 nm. In particular, it con-
firms that in the limit df = 0, both models agree, as
reported in [32]. More importantly, this also resolves
the apparent contradiction between the conclusions
of [32], and those of [18, 19, 21] on the equivalence (or
not) of both models for df → 0. Indeed, (19) shows
that, if we model graphene by means of a thicker
layer so that χsx ≪ df ≪ 1/k0, the isotropic thin film
model corresponds to the isotropic single sheet one
(χsx = χ
s
z in the particular case were na = nb = 1)
and no more to the anisotropic single sheet with
χsz = 0. We illustrate this analytical observation on
Fig. 5, where we plot the bracket in (17) and (18) for
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Figure 5: Reduced transmittance [brackets in (17)
and (18)] for and air/graphene/glass structure: na =
1, nb = 1.5, χsx = (1.50+2.29i) nm at a wavelength of
634 nm [15]. Curves are for: anisotropic single sheet
with no out-of-plane response (χsz = 0); isotropic thin
film model (εfz = ε
f
x) with df = 0.34 nm and df =
5 nm; isotropic current sheet model (χsz = χ
s
x).
an air/graphene/glass system at 634 nm as function
of the angle of incidence for different approaches: the
single sheet for χsz = 0 (full line) and with (χ
s
x = χ
s
z)
(dashed line), the isotropic thin film for df = 0.34 nm
(dot-dashed line) and df = 5 nm (crosses). The re-
sults for the anisotropic thin film cannot be distin-
guished from those of the anisotropic single sheet, and
are therefore not plotted. The thickness df = 5 nm is
commonly used in discrete numerical simulations to
avoid prohibitive numerical cost [21]. As expected,
at normal incidence, all curves are superimposed and
the anisotropy does not play any role. As the an-
gle of incidence increases, the z-component of the
response functions becomes more important and the
exact value of the thickness of the thin film influences
the computed optical properties.
Although transmittance change at different angles
would in principle allow to separate the in-plane
and the out-of-plane responses of the imaginary part
of the susceptibility (real part of the conductivity),
these measurements are usually performed at normal
incidence, for which the TE and TM cases coincide.
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3.2 Ellipsometry
Ellipsometry records the ratio of the reflexion or
transmission of a sample in TM and TE configura-
tions, at different angles. From equations (3) and
(4), still in the small phase approximation (i.e. to
the first order in k0χs), we get
ρt
ρt0
=
tTM
tTMab
tTEab
tTE
=
[
1 + i
(
ϕTMx − ϕ
TE
y + ϕ
TM
z
)]
,
(20)
with ρt the ellipsometric ratio with the 2D material,
and ρt0 the same ratio for the interface without 2D
material. Under the assumption that χsx = χ
s
y, using
table 1, we can write
ρt
ρt0
− 1 = −
ik2x
kaz + k
b
z
(
χsx −
εaxε
b
x
ǫab
χsz
)
. (21)
The in-plane χsx and the out-of plane χ
s
z susceptibili-
ties can then not be separated by means of standard
transmission ellipsometry as the coefficient in front
of χsz is independent of kx and kz , and therefore of
the angle of incidence.
In order to analyze further these results, it is con-
venient to define the parenthesis in (21) as
χell = χsx −
εaxε
b
x
ǫab
χsz, (22)
that contains all the dependence in the susceptibility.
Note that the same dependence is found for reflexion
ellipsometry.
We can here provide a simple explanation to the
difference reported in [20] between the susceptibili-
ties extracted from ellipsometric data using different
models for MoS2 on glass substrate. We named [χsx]i
the in-plane susceptibility deduced from the isotropic
thin film model with df = 0.615 nm (Fig. 6, blue
curve with ×) and [χsx]a the one found with the
anisotropic single sheet model (Fig. 6, red curve with
 ).
For the isotropic thin film, using (16),
χell = [χsx]i
(
1−
εbx
1 + [χsx]i/df
)
, (23)
while for the anisotropic sheet, we simply get
χell = [χsx]a. (24)
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Figure 6: Values of Re[χsx] for MoS2 single layer re-
trieved with the isotropic thin film model (x) and the
anisotropic current sheet model (). Data from [20].
The (⋄) curve is calculated from (×) using the shift
calculated from (25) (+ in the inset); (∆) is (x)
shifted by −εbxd (o in the inset). The dielectric func-
tion of N-BK7 glass (substrate used in [20]) is taken
from Sellmeier’s equation provided by Schott [33].
Comparing the last two equations, we obtain
[χsx]a = [χ
s
x]i − ε
b
xdf +
εbxdf
1 + [χsx]i/df
. (25)
The inset of Fig. 6 displays the difference between
[χsx]i and [χ
s
x]a and compares it with −ε
b
xdf . We
see that the last term in (25) is negligible. We do
not reproduce the imaginary part of the susceptibility
(real part of the conductivity), as it is not affected by
the real shift −εbxdf , as is visible in [20].
This good agreement between experimental data
and the analytical predictions again confirms the va-
lidity of the small phase shift approximation (k0χs ≪
1).
We conclude that standard ellipsometry provides
no information on the x−z anisotropy of the 2D sam-
ple. It is however important to note that the single
sheet approach imposes implicitly χsz = 0, while the
isotropic thin film approach assumes χsz = ǫabχ
s
x/ε
f
x,
which explains differences reported in the literature,
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for the retrieval of χsx from ellipsometric data. Equa-
tion (22) allows to introduce in the fitting procedure
a value for χsz based on theoretical assumptions or
obtained experimentally, for example, by means of
contrast ratio measurements.
3.3 Optical contrast
The optical contrast of 2D materials on a thick sub-
strate is often very small and hardly measurable.
However, reflexion microscopy and optical contrast
are commonly used to determine the presence of 2D
materials (or the number of layers) if a thin dielectric
film is lying on top of the substrate, most often SiO2
on Si [5, 6, 34]. This additional layer creates interfer-
ences that depend on the 2D susceptibility and allow
to tune the total reflectance of the system. Measure-
ments are usually performed at normal incidence, so
that only the in-plane susceptibility is probed. To
take into account the additional layer, we should sim-
ply multiply Tab in (10) by a propagation matrix ac-
counting for the propagation in the additional layer,
and an interface matrix between this layer and the
substrate. As the matrix Tab is the same in the cur-
rent sheet and thin film approaches, the final result
do not depend on the chosen model, especially at nor-
mal incidence for which the isotropic and anisotropic
thin film models are equivalent.
The optical contrast then depends on the real and
imaginary parts of the in-plane susceptibility of the
2D material. However, this measurement is strongly
dependent on the parameters of the top layer, includ-
ing their thickness and permittivity. This explains
probably the differences in fitting experimental data
that were reported in [18].
4 Conclusions
We have explored analytically and numerically the
link between the description of a 2D material with
a current sheet or thin film model. We have fo-
cused our analysis on the description of the intrinsic
anisotropy of the layers, i.e. the effect of the out-of-
plane component of the single sheet susceptibility or
the out-of-plane component of the dielectric tensor of
the thin film. The analytical equivalence in the small
phase shift condition shows that most discrepancies
between these two approaches do not come from the
finite thickness of the thin film, but from an incor-
rect description of the anisotropy, mainly for TM po-
larization and oblique incidence. In particular, we
have shown that considering an isotropic dielectric
function of a thin film is not equivalent to assume
an isotropic single sheet susceptibility. We have also
commented the fact that a single sheet with vanish-
ing out-of-plane response (as graphene) corresponds
to an isotropic or an anisotropic effective thin film
depending of the effective thickness of the film.
The application of the transfer matrix approach
to classical measurement schemes provides evidences
that a combination between different techniques is
needed to fully characterize a 2D material, as
• transmittance measurements on dielectric sub-
strate provide Im[χsx] at normal incidence and
could provide Im[χsz] at other incidence angle;
• standard ellipsometry, in transmission or reflec-
tion, cannot separate the in-plane and out-of-
plane contributions. However, combined with
transmittance changes it could provide Im[χsz].
Another way to retrieve χsx and χ
s
z separately
would be to perform ellipsometry experiments
on different substrates;
• optical contrast on a multilayer substrate com-
bined with the previous methods can also pro-
vide information about Re[χsx], or even Re[χ
s
z]
at oblique incidence.
We hope that the present single sheet transfer ma-
trix approach, and the analytical connection with the
thin film model will help to efficiently perform the
analysis of stratified media involving 2D materials,
either for the characterization of 2D materials, or for
their use in various applications.
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